The pathology of bulimia nervosa reflects the 'dis-integration' of the structure of the self within the distributed nervous system, resulting in the patient's impaired sense of self and incapacity to sense self-experience. The twenty-first century definition of self as 'an embodied, sensory-based process grounded in kinesthetic experience' not only refutes the long-held myth of mind-body dualism, but also sheds light on the influence of neurobiological factors in disease onset and on how people make recovery changes within psychotherapy. The capacity to create, or reinstate, self-integration is built into the nervous system through the neuroplastic brain's ability to change its structure and function in response to thought, sensation, feeling, and motor activity. The introduction of neurophysiological (sensorimotor) and neurobiological (interpersonal, attachment-based) interventions into mainstream clinical treatment for bulimia nervosa increases exposure to embodied experience, fostering mind, brain, and body connectivity. By stimulating integrative neuronal firing and synaptic activity, top-down and bottom-up transactions enhance acuity in self-sensing, self-perception, and body image coherence, supporting the unification of the disparate self. The current focus of mainstream clinical eating disorder treatment on symptom reduction alone neglects the neurological underpinnings of the disease. This chapter describes a range of treatment options for bulimia nervosa designed to support sustainable changes at the brain level.
Introduction
Bulimia nervosa (BN), described as "an ominous variant of anorexia nervosa" (AN) [1] , is a disorder of the brain, the distributed nervous system, and the pathological 'dis-integration' of the core self, all indicators of mind, brain, and body
The neurobiology of AN and BN
"The brains of individuals who exhibit eating ED pathology are 'wired' differently [from non-ED brains], creating the need to define diagnosis by aberrations in brain circuitry and physiology, and then provide treatments aimed at correcting or ameliorating the aberrant circuitry" [7] . Neurocognitive and brain imaging studies suggest that ED patients have impaired neural systems implicated in executive functions, visuospatial processes, self-image perception, emotional regulation and reward processing [8] . "New brain-imaging technology provides insights into ventral and dorsal neural circuit dysfunction-perhaps related to altered serotonin and dopamine metabolism-that contributes to the puzzling symptoms found in people with eating disorders. For example, altered insula activity could explain interoceptive dysfunction, and altered striatal activity might shed light on altered reward modulation in people with AN" [2] . Patients with AN have shown overlapping brain networks involved in reward and behavioral compulsivity [9] . The AN individual's trait toward an imbalance between serotonin and dopamine pathways may play a role in an altered interaction between ventral (limbic) neurocircuits, which are important for identifying the emotional significance of stimuli and for generating an affective response to these stimuli, and dorsal (cognitive) neurocircuits that modulate selective attention, planning and effortful regulation of affective states [2] . Dopamine-related reward circuitry, pathways that modulate the drive to eat, showed reduced activation in this network in BN women; the greater the frequency of binge-purge episodes, the less responsive was the brain [10] .
Starvation and emaciation have profound effects on the functioning of the brain and other organ systems, causing neurochemical disturbances that could exaggerate premorbidity, giving rise to symptoms that maintain or accelerate the disease process. Restrictive eating behaviors have been shown to create adverse structural changes in brain regions that are part of the reward circuitry, and also cause shrinkage in the overall size of the brain, including both gray and white matter [8] . Studies of patients with AN show widespread gray matter decreases in the neocortex and in areas linked to emotion regulation and reward, such as the anterior cingulate, orbitofrontal cortex, insular cortex, hippocampus/parahippocampus, amygdala and striatum; studies also report gray matter increases in neocortical and limbic regions. Such volume alterations may, or may not, normalize following ED recovery, dependent upon the severity and endurance of pathology [8] . Puberty may play an active role in major reorganization of white matter during adolescence and early adulthood [8] , and activation of a genetic predisposition for ED symptoms. Menarche is associated with a rapid change in body composition and neuropeptides modulating metabolism. It has been surmised that the rise in estrogen levels in pubescent females could affect neuromodulatory systems such as serotonin or neuropeptides that affect feeding, emotionality, and other behaviors [2] .
Multiple and distributed brain regions have been implicated in the psychopathology of AN, implying a dysfunction of interregional brain connectivity [8] . A study of structural connectivity suggests that people with AN may have impaired "wiring" between parts of the brain that are involved in the formulation of insight [9] . An example is brain network connective abnormalities that exist within the caudal anterior cingulate and the posterior cingulate, regions crucial for insight, error detection, conflict monitoring, and self-reflection. One study showed that in AN patients, these regions are poorly connected with the rest of the brain, as compared to healthy participants [9] .
Body image distortion may be coded in parietal, frontal, and cingulate regions that assign motivational relevance to sensory events [4] . The parietal cortex mediates perceptions of the body and its activity in physical space. "Recent research extends this concept to suggest that the parietal lobe contributes to the experience of the patient being an 'agent' of her own actions. The well-known distortion of body image in individuals with AN may suggest abnormalities of circuits through the postulated 'self ' networks" [4] . Reindl [11] describes BN as a disorder of the self, involving the patient's neurological incapacity to sense self-experience. Bulimic women in recovery report increasing accuracy in "sensing their own voice, sensing that they matter as human beings, sensing what to expect within the change process, and sensing their own curiosity [rather than fear] about their subjective experience" (in [11] , pp. 281-282).
After engaging in treatment for BN, Emma began to develop a sense that her life matters, and that she has needs that deserve to be recognized by others. Feeling safer and stronger now, through her newly emerging sense of self, in response to her controlling husband's insistence that she terminate treatment, she replied, "Therapy has become my world now. It is nothing that I plan to stop soon."

Factors contributing to BN onset: genetics loads the gun; the environment pulls the trigger
A child with a genetic susceptibility to develop addictions, clinical eating disorders, depression and/or anxiety, having been exposed to the neurobiological effects of chronic early parent/child attachment disturbances, becomes vulnerable to the onset of AN or BN in later life. "The early years of a child's life are the most pivotal time for ground floor development of identity and self-image. Failure of caregivers' appropriate responses to a child's needs deprives the developing child of the essential groundwork for acquiring her own body identity, with a discriminating perceptual and conceptual awareness of her own functions" (in [12] , p. 57). The awareness of oneself as a separate individual evolves only through experiences and continuous interaction with one's environment (in [12] , p. 57). "Attuned, empathic responses from caregivers to the child's basic narcissistic needs are experienced by the child as part of the self, and are essential for the development of a healthy self-structure. For example, the caregiver needs to soothe when the child needs calming, enliven when the child needs stimulation, affirm when the child needs coherence" (in [11] , p. 39). "When the child's narcissistic needs are disregarded, she becomes vulnerable to an experience of fragmentation and depletion (in [11] , p. 39). "By not listening and responding appropriately to a child's needs, parents deprive the child of the opportunity to learn how to listen and respond appropriately to herself "(in [11] , p. 39). The child whose care-giver uses food as a reward for compliant behavior, or withholds it as punishment, will grow up confused and unable to differentiate her various needs, feeling helpless in controlling her biological urges and emotional impulses (in [12] , p. 57). Non-secure relational attachment through neglect or abuse by caregivers in a child's early experience interrupts the production of integrative neuronal fibers within the integrative regions of the brain, which include the amygdala, hippocampus, and prefrontal cortex, where the capacity for self-regulation is located [13] .
When a child's genuine needs and affects are consistently met with chronologically inadequate empathy by caregivers, these "needs and affects become disavowed, repressed, or split off from the total self-structure" within the nervous system (in [11] , p. 35). The individual's emotional development, once derailed, is unavailable to be integrated into the adult personality (in [11] , p. 36). The child not only fails to internalize a healthy self-structure, but eventually creates a new self-system with the split-off aspects of the self. If the individual later begins to experiment with bulimic behaviors, the biochemical effects of the binge-purge cycle create an altered state, reinforcing the already existing split in the psyche, and further organizing the dissociated needs into a 'bulimic self.' Essentially, the BN individual invents a system by which disordered eating patterns, rather than people, are used to meet self-object needs (in [11] , p. 36).
Without adequate self-structure, the child experiences herself as ineffective in communicating her internal states to others. Feeling worthless and unlovable contributes to the development of a deep sense of shame. Repeated shame-inducing interpersonal experiences in childhood, once internalized, become an enduring, core sense of shame, spreading throughout the self, shaping one's emerging identity. Contained within the experience of shame is the piercing awareness of one's self as fundamentally deficient, in some vital way, as a human being (in [11] Dysfunctional family systems of BN individuals tend to generate greater mutual neglect, rejection, and blame, and less understanding, nurturance, and support than do more functional families. The obsessions and compulsions connected to BN symptoms provide the individual a protective shield against disintegration and internal collapse within the hostile and critical family environment, as well as a sense of internal coherence that calms, numbs, or stimulates, as needed. The quality of early caregiving "not only affects the child's subjective experience in the moment, but also influences the on-going development of her brain, effecting how her brain will process experience in the future" (in [11] , p. 49).
BN onset typically postdates childhood
Setting the neurological stage for the onset of BN in later life, early childhood abuse or neglect impairs the structure of the self within the nervous system. The abused or neglected young child does not yet have the emotional, developmental, or environmental wherewithal to engage in compensatory behaviors, such as purging, substance abuse, or excessive exercise, all characteristic of BN pathology. BN onset usually emerges in later years, during adolescence or young adulthood, continuing into later years and decades if untreated and unresolved. Early life experiences that influence the mental and emotional characteristics of the child alter the anatomic, physiologic, and metabolic [neurobiological] characteristics of the adult [12] . As adults, BN individuals who have undergone early attachment disorganization impose various forms of abuse and degradation upon themselves, reminiscent of those sustained in childhood.
Women with BN avoid turning inwards to sense their needs, desires, feelings and aggressive strivings, for fear of encountering annihilating disgrace and inadequacy, compounded by guilt. Profoundly disconnected from their subjective psychic and physical experience, BN individuals feel the need to rely on externally based, rather than internally sensed, gauges to guide their actions. As a disorder of the self, BN is characterized by the individual's diminished selfcontrol, self-regulation, self-attunement, self-trust, self-agency, self-reliance, selfperception, self-sensing and self-worth. As an escape from consciousness of the self, and in response to deficits in self-structure and self-regulatory capacities, BN behaviors separate [dissociate] the patient from her painful thoughts and feelings. "Dissociation implies that two or more mental processes or contents are not associated or integrated, with the result that consciousness, memory, identity, and perception are to some extent disconnected and not experienced as a whole" (in [11] Tess had little access to her thinking brain until after her stomach had had its way with her, a phenomenon demonstrating a rift in the fabric of her self-structure. Nervous system re-integration (i.e., healing) takes place over time and through therapeutic life experience, particularly when long-term dysfunction has been ingrained in neuronal development. Significantly however, Tess' capacity to bring her left-brain online in the face of traumatic memory was becoming appreciably more rapid and consistent. In starting to put words to her feelings, she had begun to create a coherent narrative that contained more constructive options for problem resolution.
Treating the human nervous system reintegrates mind, brain, and body
In describing how nervous system interconnections occur, Daniel Siegel defines the brain as "a self-organizing emergent process of electrochemical energy exchange between brain and body, and with other individuals" [14] and the human mind as "a relational and embodied process that regulates the flow of energy and information" [15] . The roots of the embodied mind exist in the somatic reality of the body. When the dynamic interaction between body and brain is activated, the regulation of energy and information flow happens "not only in the circuits and synapses of the skull-based brain, but also within the body, in the distributed nervous system" (in [15] , p. 54). Feedback from sensory receptors throughout the body creates and re-creates the embodied self. Patients access the embodied self through sensing it, in response to selfexperience. "The body, as represented in the brain by a map, may constitute the indispensable form of reference for the neural processes that we experience as the mind" [3] .
Norman Doidge explains how it all works. "We tend to think of learning as having internal origins within the cranial brain in thoughts, ideas and feelings (top down, and 'from the inside out'). But this is only partly the case. Brain-changing electrical movements also originate in externalized behaviors, through experience and behaviors, affecting the brain 'from the outside in,' addressing different regions [16] . The brain is a feedback loop system, seeking balance and coherence through its own integration in order to achieve and maintain homeostasis [15] . It changes its structure and function with each different activity it performs, continually perfecting its circuits so as to be better suited to any task at hand [17] . "All experience encompassing thought, sensation, feeling, and behavior, be it conscious or unconscious, is embedded in neurons, with neuroplastic change occurring through the movement of ions in and out of brain membranes. Set off by a dynamic flow of electrochemical energy that creates electrical signals and patterns inside neurons, the movement of ions increases the density of brain circuitry within and between various regions of the brain where healing change occurs. Where attention goes, neural firing occurs, and where neurons fire, new connections can be made" (in [16] , p. 18).
Contained within the nervous system and grounded in perception and kinesthetic experience, body image and self-image are "virtually interchangeable within the brain, each having mental and neurophysiological components embedded in neurons. There is no valid distinction to be made between the "mind-self " and the "embodied self " (in [18] , p. 18). Body image [and self image] change from action to action, built from sensory and psychic experiences that are constantly being integrated in the central nervous system (in [12] , p. 87). "It is through self-awareness/ consciousness of body and brain that we clarify self-image and body image, experiencing both as an inseparable whole. The unity of body and mind is an objective reality. All feelings and emotions have motoric antecedents initiated within the body" [19] . In other words, "emotions themselves are body phenomena," [20] with the body experiencing emotions first, prior to the mental awareness of feelings. Experiencing emotions is therefore synonymous with experiencing body and brain changes; the development of self-regulation becomes synonymous with regulating changes in both the body and the brain. In BN individuals who have experienced trauma, the brain, which interprets the traumatic event as still happening, will become calmed only following the calming of the body, which under the right circumstances, becomes capable of healing itself, along with emotional wounds.
Defining mental health as nervous system integration
The best predictor of positive mental health is nervous system integration [14] . The mind seeks to achieve mental health through "self-organization, optimizing function by linking differentiated parts of the [nervous] system in the quest for harmony, flexibility, resiliency, adaptability, stability, coherence and energy… otherwise known as integration" [15] . In recognizing the body as the first responder to emotional stimuli, the task at hand in healing BN patients is to differentiate emotions from physiological activation. Cognitive self-regulation of emotional responses to aversive events is essential for mental and physical health. Emotion regulation involves a coherent relationship with the self… in other words, the effective, integrative communication between body, mind, and feelings [21] . "A prerequisite for successful emotion regulation is the awareness of emotional states, which in turn is associated with the awareness of bodily signals, or interoceptive awareness" [22] . "The human body needs to sense, process, and integrate different bodily signals in the premotor, temporoparietal, posterior parietal, and extrastriate cortices, in order to achieve self-identification, self-location, and body-part ownership" [23] . "Stimulating interoceptive sensing of body signals facilitates the differentiation of emotions from the physiological component of emotional experience, promoting self-regulation," [22] a process central to healing sub-clinical, as well as clinical, eating disorders and dysfunctions of all kinds. A direct correlation exists between a full and integrative ED recovery, and the achievement of central nervous system integration within the treatment process. A survey of recovered ED patients identified "dimensions of psychological self-adaptability and resilience within a complete and integrative mental health model" as the fundamental criteria for having achieved recovery success [24] . In retrospect, it is not unusual for recovered ED individuals to express appreciation and gratitude for having experienced the twicedifficult ordeal of taking on the life-threatening challenges of illness, followed by the life-enhancing challenges of the psychotherapeutic healing process.
Integrative disorders require integrative approaches to treatment
Currently, conventional psychosocial, behavioral and pharmacological treatment interventions for adults with BN and AN have been shown to have limited efficacy [25] . Hilde Bruch, a pioneer in the field of ED treatment, contends that unsatisfactory treatment results are related to inadequate conceptualizations of the underlying problems (deficits in self-perception and inner controls) (in [12] , pp. 378-379). By re-defining the self as "an embodied, sensory-based process grounded in kinesthetic experience" [15] , twenty-first century brain research and the field of interpersonal neurobiology have opened new possibilities for the treatment of the impaired BN self, shedding light on how people make changes within the context of psychotherapy. In healing the self, therapeutic interventions that access the embodied brain (sensory receptors embedded within, and distributed throughout the body), together with the cranial-based thinking brain, best address the broader neurobiological issues that underlie the inception and maintenance of eating disorders.
"Greater attention to improving the efficacy of existing ED treatment methodologies is critical, given the increasing prevalence of ED, the high risk of relapse, the effects of concurrent psychopathology, the high cost of care, and the greatest mortality rate of all the mental health disorders, which is one in ten patients [25] . Treatment outcome studies for cognitive-behavioral therapy (CBT), currently considered 'best practice' for the treatment of BN, reveal that only 50% of BN subjects stop bingeing and purging even under the very best conditions" [25] . Neurobiological solutions for the impairment of self-structure exist within the patient's learned capacity to sense self-experience, a process defined as "attunement to one's subjective felt experience… a 'felt sense,' being both psychic and bodily, beginning with the body and occurring in the zone between the conscious and the unconscious. Turning inward to consult this 'border zone' leads to the capacity to trust in one's subjective experience, from which emotions, cognitions and memories arise, fostering deep therapeutic changes" (in [11] , p. 12), and access to an ever deeper and more complex sense of self " (in [11] , p. 99).
Clinicians enhance the patient's capacity to integrate self-based consciousness through focusing on body-felt sensations connected to the emotions and underlying issues that bring her to treatment [15] . "The more completely a patient accesses and uses her entire muscular apparatus, the more the brain will become activated, with the activated regions further stimulating adjacent areas," [26] increasing exposure to self-experience and the patient's potential to sense it (in [11] , p. 162).
Providing new ways "to pay attention within the integration of consciousness enables the client with an open and receptive mind to catalyze the integration of new combinations of previously isolated segments of his or her mental reality" [27] . Studies show that "patients who have been trained to attend to bodily information display greater coherence between subjective experience and visceral responses during emotional episodes" [28] . Because the self, the brain, the mind, and the body are integrated entities, none will heal effectively and sustainably apart from the others.
Neurophysiological interventions integrate mind, brain, body, and self
Logic will not change emotion, but body movement will [13] . Straddling verbal and non-verbal input, and "breaking through to feeling," (in [12] , p. 46) neurophysiological interventions use the body to create changes in the brain, and the brain to create changes in the body, through top-down and bottom-up processing. Top-down brain processing refers to perception driven by cognition, including mechanisms initiated via mental processing at the level of the cerebral cortex [29, 30] . "Bottom-up brain processing refers to the processing of sensory information as it is coming in [29] . Bottom-up mechanisms are initiated by stimulation of various somato-, viscero-, and chemo-sensory receptors that influence central neural processing and mental activities via ascending pathways from the periphery to the brainstem and cerebral cortex. All mind-body therapies actually involve a combination of top-down and bottom-up mechanisms, creating 'vertical' integration, which brings the emotional and thinking brain online together [30] . Bidirectional autonomic and neuroendocrine pathways serve as mind-body pathways between the central nervous system and the periphery, facilitating the expression of affective, autonomic, hormonal, and immune responses, enhancing mental and physiological functioning [30] .
As adjuncts to traditional ED treatment techniques, top-down and bottom-up "neurophysiological interventions have been shown to diminish symptoms associated with ED" [31] , contradicting feelings of helplessness and fear, and facilitating a sense of empowerment [13] . Bottom-up interventions have been shown to be more successful in addressing "the repetitive, unbidden, physical sensations, and movement inhibitions, than are top-down interventions" [34] . Providing a non-threatening way to intercept trauma-based memory pathways, bodily-based movement reverses the sensorimotor intrusions of unresolved trauma by conveying to the patients that sensations come and go, leading to their acceptance, and to feeling safer [13] .
In the next section, I discuss two types of interventions through which nervous system re-integration fosters the repair of the impaired self. The first involves neurophysiological sensorimotor bodily-based movement with mindful attention and intention, (differentiating it from rote, 'mindless' bodily exercise). Examples include the Feldenkrais Method, trauma-informed yoga and EMDR. The second is neurobiological in nature, repairing the impaired self within a top-down, bottom-up attachment theory model that harnesses the power of empathy within the interpersonal psychotherapeutic connection through empathic resonance. Within this interpersonal neurobiological model, "the top-down process involves cognitive perspective taking, while the bottomup process, achieved through neuronal mirroring representation systems, plays a key role in the direct sharing of the emotional state of the other" [32] . Rapid Resolution Therapy (RRT) represents a form of neurobiological intervention, specifically designed to achieve the resolution of trauma. Within the context of a trusting relationship, the therapist's focus during RRT is on a neurolinguistic use of oneself within the therapeutic relationship, with the intention of facilitating the patient's self-integration by turning traumatic memories into strengths and resources through memory consolidation [33] .
Sensorimotor psychotherapy
Sensorimotor treatment is a movement-based neurophysiological intervention that combines cognitive and somatic techniques to address physical symptoms of a dissociative nature. Sensorimotor interventions foster healing through the organic, non-reductionist process of 'embodied learning,' which, rather than separating the organism into its anatomical parts, joins those parts into one continuous feedback loop [19] . "In sensorimotor psychotherapy, top-down, cortically mediated functions are harnessed to observe and facilitate sensorimotor processing where patients observe and report the interplay of physical sensation, movements, and impulses, noticing internal reactions as they try out new physical actions. Patients also learn to observe the effects of their thoughts and emotions on their body, recognizing which parts of the body respond to the impact of a particular thought, and/or how the body organizes a particular emotion. Meaning-making emerges from such observation, [resulting in] subsequent transformation of habitual response tendencies" [34] . The process of embodied learning has been shown to "repair and re-integrate perceptual-sensory dysfunction, increase interoceptive attention and/ or proprioceptive awareness (the internal awareness of body parts), and produce a more accurate body perception and undistorted body representation" [35] . "Combining sensorimotor bottom-up processes with top-down processes activates the dynamic state of body and brain interaction where the regulation of energy and information flow happens within the circuits and synapses of the skull-based brain, within the body through the distributed nervous system, [and between the brains of two people in the context of a mindful relationship]…. all are unifying elements of a disparate self " (in [15] , p. 54).
The Feldenkrais Method of Somatic Education© integrates the self and body image coherence
Sensory stimuli are closer to our unconscious, subconscious, or autonomous functioning than to any of our conscious understanding: "Words can obscure intentions; kinesthetic truth gets right to our core" [19] . The Feldenkrais Method promotes self-integration by fostering conscious reconnection with one's unconscious sensorimotor repertoire through expanding the movement repertoire [17] . Directed mindful attention brings previously unfamiliar body parts systematically into awareness, moving the individual and brain toward integration, and offering a concrete means by which to change one's state of being. During or following movement sequences, the essentially non-verbal movement experience might be enhanced through open-ended, insightful verbal cueing that prompts the sensing of self-experience by promoting a coherent narrative within the process, i.e., "Do you sense a place in your body that feels more comfortable and safe…more unfamiliar and unsafe? What is it like for you to explore yet unknown parts of your body and self?" Within the Feldenkrais sensorimotor movement experience, the clarification of self-image requires the patient's felt-sense during the action, through focused attention on self-awareness (self consciousness), variation (change and novelty), differentiation (the capacity to sense and create differences,) and integration (the capacity to bring the learning to a meaningful coherence). The differentiation and integration of coherent movement coordination provides the critical interface between brain and body, allowing global mapping to be maintained, refreshed and altered by continual motor activity and rehearsal" [3] . Differentiation of the smallest possible sensory distinctions between movements while paying close attention to injured or distorted body parts allows people to subjectively experience these parts through larger, more accurate and refined brain maps (in [18] , p. 171).
During Feldenkrais Awareness through Movement [ATM] group classes, conducted on yoga mats, the floor becomes an invaluable feedback system. The practitioner guides participants through scripted sequential movements, facilitating their introspective sensing of self-experience. Feldenkrais Method practice has, through the past eight decades, become increasingly accessible worldwide. It has also become available free-of-charge through easy-to-follow 5 to 20 minute Awareness through Movement© UTube demonstrations presented by expert Feldenkrais practitioners who bring adjunctive sensorimotor movement interventions directly into the clinical treatment office, and/or into patients' homes for independent practice. The Feldenkrais Functional Integration [FI] technique offers hands-on, gentle, pleasurable body movement, promoting self-integration through movement provided through human touch. While the patient lies on the treatment table, the practitioner's nervous system, in connection with the patient's nervous system, imparts sensory information directly to the patient's brain through the patient's embodied sensory receptors. The following examples illustrate the efficacy of the Feldenkrais Method's Awareness through Movement© and Functional Integration© modes as adjuncts to traditional mainstream treatment for patients in recovery from BN. The Feldenkrais Method takes adults back to infancy, mobilizing developmental processes at a fundamental level. "Through manualized movement sequencing a process of organic learning is stimulated which enables a sort of post-maturation and leads to the formation and integration of new, more functionally appropriate responses. The progression and promotion of the kinesthetic sense is, as our first and basic ability to perceive, deeply connected with our self-identity" [36] .
Feldenkrais Awareness through Movement [ATM] as part of mainstream BN practice Marion, a 43-year-old bulimic woman who grew up in a chaotic, dysfunctional family, was diagnosed with BN restricting-type, bi-polar disorder, dissociation, and self-mutilation after having been gang raped by her brother and his friends when she was 16. For close to two decades, she had been treated in hospital programs for BN and post-traumatic stress disorder (PTSD) before joining an outpatient movement-based ED support/therapy group for adults with clinical ED, which I facilitated. Each group session included a guided Feldenkrais Awareness through Movement© lesson, followed by participants processing their movement experience as it relates to relevant therapeutic issues. Though in a food-restrictive phase of her disorder, attunement to her inner bodily experience during group movement sessions led Marion to report that after group sessions, she would go to a grocery store and bring home "a four course dinner." "While eating, I visualize the food as it enters my body as no longer being 'the enemy.' I imagine it traveling around and throughout my entire body, nourishing and giving life to all my cells and tissues." In
Feldenkrais Functional Integration© as part of mainstream BN practice As an adjunct to psychotherapy, I engaged Lana in a hands-on Feldenkrais Functional Integration "lesson," described as such for its being a form of nervous system education. Having spent many months in residential treatment facilities, Lana, who had been sexually abused by her grandfather from ages 3 to 8, suffered from BN-restricting type with co-occurring bi-polar disorder type II, fibromyalgia, substance abuse, promiscuity, and self-mutilation. Though human touch is typically a delicate issue for victims of sexual abuse, through our secure 2-year therapeutic attachment and her trust in the healing process, she described my hands-on work as "a comfort, helping me to feel myself directly, and to feel myself in control." Through these lessons, she began to discern parallels between her undifferentiated expressions of emotional rage, and her body's undifferentiated and painful immobility during fibromyalgia flare-ups. As her body became increasingly flexible, differentiated, and ultimately re-integrated through her movement experiences she became more adept at differentiating and reintegrating her emotions as well, becoming calmer and increasingly regulated. Lana spoke of her Feldenkrais experience as "clearing out the cobwebs in my brain." At the end of one Feldenkrais session, in response to my lifting her leg off the treatment table in order to assess her degree of neuro-skeletal integration, Lana described feeling a sense of "overwhelming relief and gratitude" for the now seemingly apparent weightlessness in her leg, in contrast with her own self-perception. "This is the first time I can remember feeling good about living inside this body of mine"].
Lana's sensation of physiological lightness was the result of her brain having uploaded novel sensory information through her newly reorganized nervous system. Embodied learning awakened Lana's sensory epiphany, followed by an increasingly integrated sense of self and identity. Though positive sensorimotor sensations might initially appear to be fleeting, the nervous system's brain and body 'own' these changes, with continued practice deepening the sustainability of learning and healing.
Sensorimotor interventions designed to address and heal trauma
A 2007 study revealed that trauma is significantly associated with the onset of ED, particularly BN and binge eating disorder. Traumatic experiences may include physical and emotional neglect (including food deprivation); physical, sexual, and emotional abuse and assault; teasing; and bullying [37] . The following are two additional forms of sensorimotor movement interventions shown to offer beneficial results for BN individuals who have experienced trauma.
Trauma-informed yoga
It is not unusual for ED individuals with restrictive eating disorders to attempt to control symptoms by using strenuous exercise to increase caloric expenditure. Trauma-informed yoga offers these individuals a safe avenue for the engagement in physical activity while providing an outlet for disease-associated symptoms [38] . Trauma-informed yoga reprograms the brain through activating novel movement, breathing, and action patterns and their psychological correlates. Facilitating sensorimotor processing and mitigating stress responses through combined topdown and bottom-up influences, yoga practice provides "a non-threatening means by which to unearth previously disavowed emotions stored in the 'emotional' limbic system, then cortically mediates traumatic pathways and thoughts through psychological appraisal methods" [38] . Teaching the use of breath facilitates close attention to present-moment awareness of self, bringing the nervous system from a dysregulated state to a unified, centered state by shifting the sympathetic nervous system to a balanced parasympathetic sense of calm and relaxation, while offering patients a sustainable relationship with the internal body. [39] By associating bodily states with emotional experiences, yoga gives rise to conscious feelings that occur through changes in the nervous system, fostering increased interoceptive awareness, thereby increasing emotional regulation in response to negative affect [22] .
Eye Movement Desensitization and Reprocessing (EMDR)
Given the correlation between trauma and the onset of BN, Eye Movement Desensitization and Reprocessing (EMDR) offers an alternative interpersonal, experiential and body-centered therapy approach that treats the BN patient's cooccurring PTSD. Through EMDR, the patient processes and resolves sensations and emotions connected to traumatic memory stored in the limbic brain. The technique uses a unique procedure in which the therapist exposes the patient to rhythmic bilateral stimulation (BLS), using alternating bilateral visual (eye movement), auditory, or sensory stimulation [40] , (e.g., tactile stimulation, such as the therapist's sequential touching of the patient's right knee and left knee). The technique relieves affective distress, reformulates negative beliefs and reduces physiological arousal. EMDR allows faster and more highly effective processing for trauma than does psychotherapy, as the neural substrate of rhythmic movement has more direct links to the limbic system than to language-based regions. Once disseminated (dissociated) fragments of traumatic memory have been reconnected, they become capable of integrating a new personal semantic memory network with new cognitive schemas, thus fulfilling the goal of EMDR treatment [41] .
The neurobiology of mindful human attachment repairs impaired self-structure
"Energy and information can flow within the brain and between brains, profoundly shaping the flow of energy and information within and between people" [13] . The self-organization of the infant's developing brain occurs in the context of a relationship with another self, another brain" [42] . Allan Schore defines psychotherapy as "an attachment relationship that affects underlying neuronal structure and function" [43] . His developmental model places particular emphasis upon "the experience-dependent maturation of a system in the orbital prefrontal cortex that regulates psychophysiological state and organismic energy balance" [43] . "When the therapist's mind and embodied-self come together in relationship with those of the patient, implicit systems of the therapist interact with implicit systems of the patient, rendering psychotherapy the 'talking' cure. Talking to neurons alters neuronal networks and the functional sphere of influence of the prefrontal lobes" [16] .
"By means of reverie and intuition, the sensitive empathic clinician's monitoring of unconscious process, rather than content, calls for right brain attention to matching the patient's implicit affective-arousal states, a process that lies at the core of the therapeutic relationship. Through the subconscious processing of information, the clinician uses an expansive attention mechanism that includes free association, while the left brain, more involved in the conscious processing of information, focuses on local detail" [43] . The resulting 'empathic resonance' is an embodied, sensed connection, typically experienced between therapist and patient as a dynamic, spirited, vibrant, and often loving mutual attachment, in which the patient's right brain hemisphere becomes altered in form and function in response to a mindful, energetic connection with the therapist's right brain hemisphere. Resonance exists 'outside our skin,' giving rise to a therapy relationship in which 'a mind is being changed by a mind'" [44] Deeply ensconced in psychophysiology, empathic resonance may be considered 'sharing a common brain,' with the intersubjective field between two individuals including far more than two minds, to include two bodies" [45] .
According to Schore, "emotional healing takes place primarily in the circuitry of the right brain hemisphere, which is dominant for attachment, intense emotionality, and the knowledge of how to be in relationships' [46] . "Right brain to right brain emotional processes are central to emotional development, psychopathology, and psychotherapy. The functions of the emotional right brain foster the selfexploration process of psychotherapy, especially of unconscious affects that can be integrated into a more complex and implicit sense of self. Emotional communication between therapist and patient lies at the psychobiological core of the therapeutic alliance. Therapist affect facilitation is a powerful predictor of treatment success" [47] . Studies show that the more successful the treatment, the greater the neuroplastic change [48] . The brain's mirror neuron system is the foundational building block for empathy, a major component of healthy [resonant] psychotherapeutic attachment. Leading to a new theory of empathy that is bottom-up and top-down in nature, "mirror neurons reveal the fundamental integration within the brain of the perceptual and motor systems with limbic and somatic regulatory functions" [27] . It is through the therapist's empathy and genuine caring that patients come to feel listened to, heard, seen for who they are, and even loved, sometimes for the first time in their lives. "It is through the relationship that deficits in internal working models of the self and the world are gradually repaired" [43] .
The therapist's versatile and empathic use of self fosters patient self-reintegration
For BN individuals who failed to experience the benefits of healthy attachment during childhood, an effective therapeutic attachment offers a second real-time opportunity to feel the intrapersonal gratification that can be derived from a secure and trusting interpersonal attachment relationship with another human being. The healing therapeutic relationship becomes the prototype for healthful, quality relationships, both within, and beyond, the treatment dyad. "The highest human functions… including stress regulation, humor, empathy, compassion… are all right brain functions. An expanded capacity for right, not left, brain processing lies at the core of clinical expertise" [46] . The skillful and knowledgeable psychotherapist needs to maintain a mindful, pro-active and viable presence within each therapy moment, using himself or herself with intention, versatility, flexibility, courage, intuition and creativity [49] . Because ED represent changes within neural systems that mediate reward responses, decision-making, and social behaviors, effective treatment requires individualization based upon the specific constellation of symptoms presented, as well as their neurobiological underpinnings. As psycho-educators, practitioners need to keep patients informed about anticipated neurobiological changes in brain function related to impaired nutrition, such as fatigue, concentration and learning deficits, mood swings, insomnia, and impulsivity [2] . Patients also need to become aware of the positive changes in brain function that occur side-by-side with, and as result of, BN recovery.
The therapist's openness to his or her own bodily state is a crucial requirement for establishing interpersonal attunement with the patient [27] . "The therapist who is not intimidated, and who feels comfortable disclosing his or her own selfexperience in appropriate, boundaried and clearly intentional ways, offers patients the opportunity and permission to bring forward more of their own seemingly intolerable experience. Therapist receptivity assures patients that they need not censor themselves, so that difficult emotions lose some of their threat" [44] . For purposes of role modeling in promoting the patient's learning and self-discovery, the clinician's self-revelation potentially fills gaps in the patient's emotional and self-development. Immediate, in-the-moment inquiry about the patient's countertransferential reactions to the therapist's disclosure enhances the patient's sensing of self-experience and interpersonal trust building. "So, what's it like for you that I have chosen to share this information with you today?" "As an interactive regulator of the patient's psychological state" [47] , the therapist's trust in, and acknowledgment of, the patient's strengths, resiliency, and potential to achieve recovery inspires and sustains the patient's belief in herself, fortifying her capacity to withstand the challenges of navigating the BN recovery process…as well as life without an ED. "Because empathy accounts for as much, and probably more, outcome variance than does the specific intervention, the quality of the therapy alliance is more important to treatment outcomes than the particular treatment method or theory embraced by the therapist" [48] . This becomes increasingly so, as patients internalize and own dyadic gains. The therapist's clearly defined boundaries and skilled navigation of complex transference and countertransference issues are essential in reinforcing the effective use of self in what, in some instances, becomes a process similar to re-parenting. In reinforcing a loving, secure, healthy, and trusted attachment, the therapist re-visits, refreshes, and re-inspires the patient's healthfully continuing self-development.
Trauma resolution occurs through neurobiological reintegration of the distributed nervous system
Independent of its etiology, any traumatic assault on, or insult to, the brain impairs brain integration. A recent study found that "the vast majority of women and men with AN and BN reported a history of interpersonal trauma, with approximately one-third of BN women meeting criteria for lifetime PTSD [50] . Another study reported that sexual abuse occurs in 30-65% of women with ED, and that women with BN and substance dependence disorder had the highest frequency and most severe history of sexual abuse [51] . High stress levels leading to an overactive amygdala and hippocampus suppress the activities of the prefrontal cortex…the thinking brain, that helps to regulate the emotional brain.
The psychosomatic expressions of trauma experiences are held as bodily sensations, which become embedded in a broad variety of psychopathological and intersubjective phenomena [52] . Unprocessed traumatic memories stored in the mid-brain region become recycled when triggered, creating undischarged energy in the nervous system. Because traumatic memories are encoded subcortically, the process of healing trauma requires gaining leverage within the structural coding of the brain. Psychotherapeutic "'interpretation'" has been shown to have limited effectiveness with pathologies arising from the verbal phase related to explicit memories, and no effect on the pre-verbal phase implicit memories" [52] . Trauma speaks through the body. Trauma has been described as a "disorder of arousal." Its resolution lies in creating a psychophysiological state associated with decreased adrenergic activity, decreased muscular neuromuscular arousal, and cognitive quieting [53] .
Rapid Resolution Therapy (RRT), illustrated in the examples in Section 9.1, is a body-based talk therapy technique shown to alleviate negative effects of trauma and PTSD without requiring the patient to recollect painful memories. Within the context of a trusted relationship, the technique connects problems to solutions through the human nervous system by consolidating memories of past and present human strengths and resourcefulness [54] . "Trauma resides in the limbic system (responsible for emotional systems and defensive responses) and in the perceptual world within a neural network that has sufficient functional boundary thresholds to largely 'dis-integrate' it from the rest of the nervous system. When negative feelings become dissociated or 'split off ' [as they do with the bulimic pseudo-self ], the potential exists to reintegrate them through the patient's connection with a better state, her best self, by sensing and owning her resourceful self through solutiondiscovery, or rediscovery, both past and present" [33] . Trauma resolution "accesses neuroplasticity, through which neural networks that become lit-up at the same time as the neural network associated with the problem, result in the problem's loss of definition. This dynamic allows for a free flow of communication with the rest of the nervous system, as the brain re-interprets new combinations of neural connections to create meaning" [54] . Because the effects of past trauma are revealed in the present, they become accessible, and thereby, available for remediation.
Sensing, recall, and consolidation of resourcefulness memories heal trauma
Trauma occupies the right side of the brain where it creates a hyperactive cortisol network; the processing of trauma needs to occur within the left side of the brain, where some form of resolution can be reached. The healing process becomes reinforced through connections to real-life experience, as the therapist guides the patient to access her already existing internal resourcefulness. Tapping into old 'feel good' moments facilitates positivity in the experience of now.
"Eating disorders, which are dysfunctions of multisensory body integration, are the outcome of primary disturbances in the way the body is "experienced" and "remembered" [55] . Memory consolidation puts the experience of body phenomena into the thinking brain, securing it there through the creation and re-creation of healthy neurobiological circuitry and neuronal connections between mind, brain, and body. Tess's successful resolution of this traumatic incident held out the promise of change within her nervous system reflecting a greater and more spontaneous capacity to access her internal resiliency in the face of future resurgences of traumatic memory. The process of trauma resolution in working with BN patients is no different from healing trauma in any other context, with the exception that in light of the integrative nature of an ED, attention to trauma resolution needs to become part of a greater fabric of pathology, all aspects of which demand resolution and healing if ED recovery is to be complete and sustainable.
Conclusion
Characterized by biochemical, neuromuscular, and sensory imbalances, BN fosters internal chaos and system rigidity, disrupting the integrity of the patient's core self. Clinicians and patients alike need to understand and anticipate that BN treatment and recovery processes are never linear. Tess describes her treatment as being "highly successful…my eating lifestyle, coping abilities, relationships, life quality, and over-all sense of well-being have all significantly improved…yet my BN is still and always lurking within arm's reach, capable of stopping me in my tracks when I am least expecting it." Integrative disorders demand integrative treatment approaches.
The capacity for self-correction is built into the nervous system through the brain's ability to integrate sensing, perception, and motor activity. Effective treatment needs to support changes at the brain level, with attention paid to mental, somatic, and relational issues. The creation of neural firing patterns that awaken the brain enables newly established synaptic connections, promoting self-awareness of one's internal world, which modulates and modifies it [27] , promoting self-integration.
According to Allan Schore, a significant paradigm shift in psychotherapy is occurring, marked by clinical modes now moving from left brain to right brain, from the mind to the body, and from the central to the autonomic nervous system [52] . "A f t e r three decades of cognitive approaches, motivational and emotional processes have roared back into the limelight…cognitive interventions have been proven short-lived in their efficacy, and limited in the problems to which they can be applied" [47] . The right hemisphere is dominant in the change process of psychotherapy. Body-based right brain affect, including specifically unconscious affect, is best accessed through updated, adjunctive psychotherapeutic interventions [47] . Psychobiological attachment-based empathic resonance between the patient and therapist, and the use of adjunctive top-down and bottom-up neurophysiological interventions in appropriate situations and with clarity of intention, address the neurobiological roots of disease, beyond symptoms, in fostering mind, brain, and body connections that promote integration of the structure of the self.
Though we live in an era of psychotherapy research and practice where specific modes of psychotherapeutic treatment have been recognized as targeting specific sites of brain functioning [56] , mainstream clinical eating disorder treatment continues to focus on symptom reduction alone, neglecting the neurological origins and underpinnings of these disorders. Clinicians need to become better prepared to resolve these lethal disorders at their source by accessing the brain and distributed nervous system, fostering the sustainability of ameliorative change. In so doing, they stand on the precipice of a new age of treatment, moving patients, the field, and eating disorder research, forward.
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